Fluorine-18 fludeoxyglucose a b s t r a c t A sclerosed hemangioma of the liver is a rare benign lesion characterized by fibrosis and hyalinization of a hepatic cavernous hemangioma as a result of degeneration. This condition has been difficult to correctly diagnose with imaging. Our patient was a 57-year-old man whose computed tomography (CT) scan showed a mass of 45 mm in diameter in the lateral segment. On dynamic contrast-enhanced CT, the lesion was found to comprise peripheral, gradual, and heterogeneous enhanced areas with a central nonenhanced area; malignancy was suspected. On magnetic resonance imaging, the peripheral area showed slight hperintensity on T2-weighted image, and showed a similar intensity on T1-and diffusion-weighted images as compared to the background liver and gradual enhancement, and the presence of abundant fibrous tissue was suspected. Conversely, the central area showed remarkable hyperintensity on T2-weighted images and no enhancement, and degeneration or hyalinization was suspected. The mass showed no uptake of fluorine-18 fludeoxyglucose (FDG).
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Introduction
Sclerosed hemangioma of the liver is a rare benign lesion characterized by fibrous replacement and hyalinization of * Corresponding author. E-mail address: ozakik-rad@umin.org (K. Ozaki).
a hepatic hemangioma as a result of degeneration [1] [2] [3] [4] . It has been difficult to correctly diagnose a sclerosed hemangioma with imaging, and in several previous studies, most preoperative diagnoses were intrahepatic cholangiocarcinoma or metastasis [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . This is because the varying degrees of fibrosis and hyalinization mask the typical signal intensity of magnetic resonance (MR) images and enhanced patterns on the dynamic contrast study, even with the recent advancements in radiological modalities. However, we thought that a combination of multimodality findings, including MR imaging and positron emission tomography (PET), may support the preoperative speculation of a hepatic sclerosed hemangioma. Herein, we report a case of a sclerosed hemangioma with a special focus on possible preoperative diagnoses using a combination of multimodality findings, which are diffusion-weighted images and fluorine-18 fludeoxyglucose (FDG)-PET. In addition, we also discuss the confusion between sclerosed and sclerosing hemangiomas.
Case report
A 57-year-old man was referred to our hospital for further examination of a hepatic lesion found during an ultrasound. The patient's family history and past medical history was unremarkable. Laboratory analysis indicated hyperlipidemia (total cholesterol: 249 mg/dL [normal range 145-220 U/mL], triglycerides: 181 mg/dL [normal range 45-150 U/mL]) and others were within normal range. Serum examination for hepatitis B and C infection was negative. Other factors of chronic liver disease, such as alcoholism and nonalcoholic fatty liver disease, were absent. Tumor markers, such as prothrombin induced by the absence of vitamin K or antagonist-II, alpha-fetoprotein, carcinoembryonic antigen, and carbohydrate antigen 19-9, were all negative.
Noncontrast computed tomography (CT) showed diffused, low-density areas in the background liver parenchyma, indicating a mild fatty liver ( Fig. 1 a) . The well-defined, lobulated mass which was 45 mm at its largest diameter and located in lateral segment showed lower density than the background liver ( Fig. 1 A) . On MR imaging, the peripheral area of the mass showed slight hperintensity on fat-suppressed T2-weighted images and showed similar intensity on T1-weighted images as compared to the background liver ( Fig. 2 a-c ). Focal fat deposits within the mass were not identified on T1-weighted images (in and out of phases) ( Fig. 2 a and b) . Diffusion-weighted echo planar images with a high b value of 1000 showed isointensity compared to the background liver ( Fig. 2 d) . Conversely, the central area of the mass showed remarkable hyperintensity on fat-suppressed T2-weighted images and lower intensity on T1-weighted images compared to the background liver and the peripheral area ( Fig. 2 a-c) . Diffusion-weighted images also showed remarkable hyperintensity compared to the peripheral area ( Fig. 2 d) , and this hyperintensity was thought to be a T2 shine-through effect due to the apparent diffusion coefficient (ADC) which was 3.01 × 10 −3 mm 2 /s (not shown). On the dynamic contrast-enhanced CT and MR imaging, the peripheral area showed gradual and inhomogeneous enhancement, whereas the central area was hypovascular and showed no enhancement ( Figs. 1 b-d and 2 e-h). On the hepatobiliary phase of the gadoxetic acid-enhanced MR imaging, the lesion showed hypointensity compared with the background liver, and marginal hyperintensity in the peripheral area was identified, which was thought to be interstitial pooling due to fibrous changes ( Fig. 2 i) . Diffused background fat deposits in the liver were identified on T1-weighted images in and out of phases, as seen in Fig. 2 a and b. The retraction of the liver parenchyma adjacent to the mass was identified ( Figs. 1 and 2 ). No uptake of FDG was identified in the mass on PET-CT ( Fig. 3 ) .
Radiologically, the CT images indicated a malignant tumor, particularly a intrahepatic cholangiocarcinoma. MR images were almost compatible with the tumor accompanied with abundant fibrous changes and degeneration; however, fatsuppressed T2-and diffusion-weighted images were slightly different from the typical intrahepatic cholangiocarcinoma. No uptake of FDG definitively indicated a benign tumor with degeneration or hyalinization, such as a sclerosed hemangioma. However, the possibility of malignancy including liver metastasis or intrahepatic cholangiocarcinoma could not be excluded, and the laparoscopic lateral lobe resection was performed after obtaining a full informed consent. The resection specimen showed a solid mass which had a peripheral red-brown area including a central white area with a smooth margin without a capsule measuring 4.8 × 3.6 × 2.8 cm ( Fig. 4 a) . Histopathologically, the mass mainly comprised collagen fibers with varying sizes of scant endothelial cell-lined vascular spaces, whereas the central area mainly comprised hyalinized tissue on the hematoxylin eosin section ( Fig. 4 b-d) .
There was no cell with atypia or nuclear abnormalities. From these characteristics, the mass was diagnosed as a hepatic sclerosed hemangioma.
Fig. 2 -Magnetic resonance (MR) images. (a and b) T1-weighted images (in and out of phases) (a. in phase, b. out of phase). The peripheral area of the mass is isointense accompanied with a central hypointense area (arrowheads), and focal fat deposits within the mass are not identified. (c) Fat-suppressed T2-weighted image. The peripheral area of the mass is slightly hyperintense (arrowhead), accompanied by a central remarkable hyperintense area (arrow) compared to the background liver. (d) Diffusion-weighted image. The peripheral area of the mass is isointense compared to the background liver (arrowhead)
.
Discussion
Here, we report the case of a middle-aged man with a hepatic sclerosed hemangioma, which is a rare type of hepatic hemangioma [1] [2] [3] [4] . Cavernous hemangioma of the liver is the most frequent benign hepatic tumor and usually contains various sizes of vascular channels lined by a single layer of endothelial cells supported by a collagenous wall [15, 16] . This distinctive structure shows a high characteristic signal intensity on T2-weighted images and a hemodynamic characteristic pattern on enhanced CT or MR imaging, and imaging modalities are highly reliable for diagnosis [17] [18] [19] [20] . However, there are some cases that contain parts of hyaline degeneration, which occurs secondary to thrombus, necrosis, or cicatrization [1] [2] [3] [4] , and is called "sclerosed hemangioma." This may result in various uncharacteristic findings on radiological imaging [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . CT and MR imaging features that are suggestive of sclerosed hemangioma include a geographic pattern, capsular retraction, reduction in size over time, and loss of contrast enhancement, and additional characteristic features include the presence of transient hepatic attenuation difference, ring enhancement, and nodular regions of intense enhancement, as seen in a typ- ical hemangioma [4] . However the imaging diagnosis has still been difficult to differentiate from malignant tumors, including intrahepatic cholangiocarcinoma and liver metastasis, because a sclerosed hemangioma could show variable MR imaging appearance with various degrees of degeneration, fibrosis, and hyalinization [17] . In fact, all previous cases were preoperatively misdiagnosed as malignant tumors [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Some earlier reports have demonstrated the feasibility of using diffusion-weighted imaging for the detection and characterization of liver tumors [21] [22] . In particular, diffusionweighted image-based measurement of an ADC value can contribute to differentiating between benign and malignant lesions of the liver [21, 22] . Furthermore, Hida et al. [7] reported that the diagnostic value of diffusion-weighted imaging for a sclerosed hemangioma and a high ADC value due to the presence of many large vascular spaces in the tumor, therefore ADC value could discriminate sclerosed hemangioma from intrahepatic cholangiocarcinoma and metastasis. In our case, the peripheral area with gradual enhancement showed an intensity similar to that of the background liver on diffusionweighted imaging, and this finding indicated a lower possibility of a malignant tumor based on the previous report [7, [21] [22] , and the hyperintensity of the central area reflected the hyalinization and it was T2 shine-through. However, the possibility of a malignancy could not be excluded considering the echo planar imaging artifacts including ghosting and distortion.
The radiological features revealed by dynamic CT and MR imaging resembled those of hepatic malignancies, leading to a preoperative misdiagnosis. Conversely, FDG-PET could have detected the possible benign character of this sclerosed hemangioma. As with our case, several earlier reports showed no accumulation of FDG [5, [11] [12] [13] [23] [24] [25] [26] [27] . Theoretically, a hemangioma and a sclerosed hemangioma would not increase glucose metabolism. FDG-PET could be helpful in preoperative diagnosis to distinguish a benign sclerosed hemangioma from malignant tumors. Furthermore, according to the findings of MR images, particularly diffusion-weighted images, we strongly suspected a sclerosed hemangioma rather than a malignant tumor.
Percutaneous biopsy of the lesion can be suggested if definitive diagnosis of the lesion cannot be provided by multimodality imaging as an alternative, prior to surgery to distinguish the sclerosed hemangioma from metastasis and intrahepatic cholangiocarcinoma. In the present case, surgical operation was selected because of relative low risk of resection of the lateral segment and the risk of sampling error of biopsy.
In conclusion, we report a rare hepatic benign tumor, which is a hepatic sclerosed hemangioma. Although preoperative diagnosis of sclerosed hemangioma has been difficult on radiological imaging, a combination of multimodalities may allow for a correct preoperative diagnosis. Further case accumulation is required for elucidation of the utility of diffusionweighted and FDG-PET imaging findings.
